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Model of Nicotine Dependence -  
A many step process 
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Presentation Notes
The process of becoming nicotine dependence is a many step process-
It involves the initiation of smoking, in other words, who will take a first puff of a cigarette.  Many antismoking campaigns focus on this first step of initiation, encouraging adolescents not to smoke.
The next step on the pathway to nicotine dependence is the development of regular smoking.  Regular smoking is defined in many studies as smoking 100 cigarettes or more.  Most individuals who pass this threshold of smoking 100 or more cigarettes go on to smoke daily.
Nicotine dependence represents the step where individuals who are regular smokers develop tolerance and withdrawal.  Tolerance develops so that the individual needs to smoke more in order to get the same effect.   Withdrawal is where characteristics unpleasant symptoms develop when nicotine no longer used.
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Genetic Association with Cigarettes per Day 
A Proxy for Nicotine Dependence 

Strongest associations are nicotinic receptors and 
nicotine metabolizing genes. 

Thorgeirsson et al., 2010 



Genetic Association with Cigarettes per Day 
A Proxy for Nicotine Dependence 

rs1051730      Chromosome 15q25    N=76,972     Effect= 0.80    p= 2.4 x 10-69 

Thorgeirsson et al., 2010 



Chromosome 15 – the strongest genetic risk 
Genome Wide Association with Cigarettes per Day 

A Proxy for Nicotine Dependence 

TAG Consortium, 2010  Nature Genetics 



Top meta-analysis results Locus A chromosome 15  
52 SNPs correlated with rs16969968 (r2 ≥ 0.7) in 1000 Genomes CEU 

rs16969968  
D398N in CHRNA5 

Saccone et al., 2010 

CHRNA5-CHRNA3-CHRNB4 
Nicotinic receptor gene cluster 

rs55853698 
promoter region of CHRNA5 

Liu et al., 2010 

rs1051730 
synonymous in CHRNA3 
Thorgeirsson et al., 2010 

Liu et al., 2010 
Furberg et al., 2010 
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Comparative sequence analysis 
The amino acid change from aspartate to asparagine (D398N) in the •5 nicotinic 
receptor is caused by SNP rs16969968. It is a non-conservative change. 

 D398N 

EETESGSGPKSSRNTLEAALDSIRYITRHIMKENDVREVVEDW  Homo sapiens
 EETESGSGPKSSRNTLEAALDSVRCITRHIMKENDVREVVEDW  Pan troglodytes 
 EQTGSGGGPESSRNTMEAALDSIRYITRHIVKENAVREVVEDW  Saimiri boliviensis 
 EEARSSRGPRSSRNALEAALDSVRYITRHVMKETDVREVVEDW  Bos taurus  
 REEAESGAGPKSRNTLEAALDCIRYITRHVVKENDVREVVEDW  Rattus norvegicus  
 REEAEKDGGPKSRNTLEAALDCIRYITRHVVKENDVREVVEDW  Mus musculus  
 EEKGNMSGSESSRNTLEAALDSIRYITRHVMKENEVREVVEDW  Gallus gallus 

Bierut et al., 2008 



rs16969968 a non-synonymous coding change in the 
intracellular domain of CHRNA5 
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Presentation Notes
A large N terminal extracellular domain including two agonist binding sites four transmembrane (4TM) segments with the M2 domain comprising the cation-selective pore
Members of a superfamily of ligand-gated ion channels that mediate fast signal transmission at synapses. 
The nAChRs are thought to be (hetero)pentamers composed of alpha and non-alpha subunits.
Acetylcholine binding causes extensive change in conformation that affects all subunits and leads to opening of an ion-conducting channel across the plasma membrane
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The amino acid 
change alters 
receptor function. 

Bierut et al., 2008 
From the laboratory of  
Jerry Stitzel 



Targeted SNPs based on biological function 

Locus A 

Locus B 

mRNA levels of CHRNA5 
(Wang et al., 2008 and 2009; 
Falvella et al., 2009; 
Smith et al., 2010) 

D398N change in CHRNA5 

CHRNA5-CHRNA3-CHRNB4 

Presenter
Presentation Notes
28
Put pvals from the 4 meta-analyses



mRNA expression of CHRNA5  
An endophenotype 

Minor allele of rs588765 is 
associated with increased 
mRNA expression of 
CHRNA5 in human frontal 
cortex. 
 
This SNP explains 42% of 
the variance in mRNA 
expression.  

Wang et al., 2009a 
Wang et al., 2009b 
From the lab of Alison Goate 

p=1.11x10-9 
The bars represent mean ± SD of CHRNA5 mRNA expression. 



Multiple Independent Loci at Chromosome 15q25.1 affect smoking 
quantity: a meta-analysis and comparison with lung cancer and COPD  
 
ABSTRACT 
Recently, genetic association findings for nicotine dependence, smoking behavior 
and smoking-related diseases converged to implicate the 15q25.1 region, which 
includes the CHRNA5-CHRNA3-CHRNB4 cholinergic nicotinic receptor subunit 
genes.  In particular, association with the nonsynonymous CHRNA5 SNP 
rs16969968 and correlates has been replicated in several independent studies.  
Extensive genotyping of this region has suggested additional statistically distinct 
signals for nicotine dependence, tagged by r578776 and rs588765. As part of the 
consortium for Genetic Analysis of Smoking Phenotypes (CGASP), our goal was to 
elucidate the associations among these markers and dichotomous smoking 
quantity (heavy versus light smoking), lung cancer, and chronic obstructive 
pulmonary disease (COPD).  We performed a meta-analysis across 34 datasets of 
 
 
 
 

Saccone et al., 2010 in press 
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Meta-analysis across 34 datasets 
38,617 smokers who were assessed for cigarettes-per-day,  
7,700 lung cancer cases and 5,914 lung-cancer-free controls, and  
2,614 COPD cases and 3,568 COPD-free controls  
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Meta-analysis across 34 datasets 
38,617 smokers who were assessed for cigarettes-per-day,  
7,700 lung cancer cases and 5,914 lung-cancer-free controls, and  
2,614 COPD cases and 3,568 COPD-free controls  

rs16969968  OR = 1.33  p = 5.96 x 10-31 

rs588765   OR = 1.17  p = 6.03 x 10-9  



Similar genetic risk 
seen across studies 
recruited for a 
variety of conditions 
such as diabetes, 
hypertension, 
cancer, 
schizophrenia.  

Saccone et al., 2010 
Plos Genetics 



Two distinct variants are associated with 
smoking 

•

 
 

 
 

Joint analysis: 
 locus A (rs16969968): p = 3.52 x 10-36, OR = 1.47 
 locus B (rs588765):   p = 6.03 x 10-09, OR = 1.17 
 “Genome-wide significant” 
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Other interesting facts 

• This chromosome 15 region is related to the 
risk of cocaine dependence – but an opposite 
effect. 
– Grucza et al., 2008 and Sherva et al., 2010 
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US Cigarette Use vs. Lung Cancer Deaths, 1900 - 2010 

           per capita 
           cigarette 
  consumption 

Death rates sources:  Public-use data files, National Vital Statistics System, National Center for Health Statistics, Centers for Disease Control and Prevention;  
and Jemal et al., CA Cancer J Clin, 2010.   Cigarette consumption sources:  Tobacco Outlook Report, Economic Research Service, US Department of Agriculture; 
and Alcohol and Tobacco Trade and Tax Bureau, US Department of Treasury. 

 Lung cancer 
death rate 



Nature, 2008 

Nature, 2008 

Nature Genetics, 2008 
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Presentation Notes
The process of becoming nicotine dependence is a many step process-
It involves the initiation of smoking, in other words, who will take a first puff of a cigarette.  Many antismoking campaigns focus on this first step of initiation, encouraging adolescents not to smoke.
The next step on the pathway to nicotine dependence is the development of regular smoking.  Regular smoking is defined in many studies as smoking 100 cigarettes or more.  Most individuals who pass this threshold of smoking 100 or more cigarettes go on to smoke daily.
Nicotine dependence represents the step where individuals who are regular smokers develop tolerance and withdrawal.  Tolerance develops so that the individual needs to smoke more in order to get the same effect.   Withdrawal is where characteristics unpleasant symptoms develop when nicotine no longer used.



Phenotypic and genetic data are available to qualified investigators 
through the NIDA Genetics Consortium and dbGaP. 
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